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A cumulative number of approaches have been carried out to elucidate the pathogenesis of 
Alzheimer's disease (AD). Tangles formation has been identified as a major event involved 
in the neurodegenerative process, due to the conversion of either soluble peptides or 
oligomers into insoluble filaments. Most of recent studies share in common the observa- 
tion that formation of tau oligomers and the subsequent pathological filaments arrays is a 
critical step in AD etiopathogenesis. Oligomeric tau species appear to be toxic for neuronal 
cells, and therefore appear as an appropriate target for the design of molecules that may 
control morphological and functional alterations leading to cognitive impairment. Thus, cur- 
rent therapeutic strategies are aimed at three major types of molecules: (1) inhibitors of 
protein kinases and phosphatases that modify tau and that may control neuronal degener- 
ation, (2) methylene blue, and (3) natural phytocomplexes and polyphenols compounds 
able to either inhibit the formation of tau filaments or disaggregate them. Only a few 
polyphenolic molecules have emerged to prevent tau aggregation. In this context, fulvic 
acid (FA), a humic substance, has potential protective activity cognitive impairment. In fact, 
formation of paired helical filaments in vitro, is inhibited by FA affecting the length of fibrils 
and their morphology. 
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INTRODUCTION 

Tau protein, a member of the microtubule-associated protein 
(MAPs) family, plays a fundamental role in the assembly and sta- 
bilization of microtubules, as well as on axonal transport and 
neurite outgrowth (1-3). In this context, tau protein plays an 
important role in the maintenance of neuronal polarity and in 
the stabilization of the morphology of differentiated neurons. 
In developing neurons, tau activity is crucial for the morpho- 
genesis of the growth cones and, it has been suggested to play 
a key role in promoting axonal growth (4). Tau is encoded 
by a single gene located on chromosome 17 (17q21), possess- 
ing 16 exons in its primary transcript. Six different isoforms 
are expressed by post transcriptional modifications (alternative 
splicing) from the primary transcript. Mature protein length 
is about 352 up to 441 amino acid residues, and a molecu- 
lar weights of 45-65 kDa depending on the tau isoforms (5, 6). 
The C-terminal region has a domain containing the microtubule- 
binding repeats, which is critical for microtubule assembly (2), 
whereas the affinity of tau for microtubules is finely regulated 
by an orchestrated set of phosphorylations. The motif KXGS 
is one of several different motifs located within these repeats 
susceptible to be phosphorylated (7). In turn, tau is character- 
ized as an hydrophilic cationic protein, unfolded under native 
conditions, and with a low ordered secondary structure (8). In 
addition to roles in stabilization of microtubules, tau plays a 



major role in bridging the different cytoskeletal structures. Thus, 
besides microtubules, tau interacts with actin and intermediate 
filaments (2, 9). 

Tau is located primarily in neurons, however, traces of this 
protein have been found in certain non-neuronal cells. Under 
pathological conditions, tau can be also expressed in glial cells 
( 1 0). It is also possible to find tau or it's mRNA in several peripheral 
tissues such as heart, liver, lung, skeletal muscle, among others (11- 
13). Interestingly, tau variants have been also observed in human 
platelets (3, 14, 15). 

Tau phosphorylation plays an important role in regulating 
its binding to microtubules and thereby regulating their stabil- 
ity within neuronal cells. However, under pathological situations, 
tau protein is abnormally phosphorylated or dephosphorylated in 
specific residues, perhaps due to the activities of various protein 
kinases and phosphatases (such as GSK-3|3 and Cdk-5, and PP1A 
and PP2, respectively) (16, 17). This change in the phosphoryla- 
tion state of tau can lead to irreversible changes in the dynamics 
of microtubules, cellular dysfunction, ultimately triggering cell 
death of the neuron (6, 18). Moreover, tau protein may have other 
post-translational modifications, including: (i) glycosylations, (ii) 
ubiquitinations, (iii) truncations, and (iv) nitrations (6). 

Hyperphosphorylated tau protein is the main component of 
abnormal protein aggregates found in the neurons of patients 
with neurodegenerative brain disorders known as tauopathies. 
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Those neurodegenerative diseases have in common the pres- 
ence of intraneuronal aggregates of tau. These aggregates are 
known as Neurofibrillary Tangles (NFTs) and are made up of 
paired helical filaments (PHFs) and straight filaments mainly com- 
posed of hyperphosphorylated tau. The formation of PHFs from 
tau molecules may follow different steps and could involve tau 
phosphorylations, followed by limited proteolysis and conforma- 
tional changes in tau protein (19), and finally its polymerization 
into aberrant polymers in neuronal cells. These neuronal dis- 
orders include: Pick's disease, corticobasal degeneration (CBD), 
progressive supranuclear palsy (PSP), frontotemporal dementia 
with Parkinsonism linked to chromosome 17 (DFTP-17) and 
Alzheimer's disease (AD). AD is considered the most prevalent 
tauopathy worldwide (20). In AD, abnormal phosphorylations 
occur and specifically tag certain amino acids of tau protein: 
Ser202, Thr205, Ser235, and Ser404 (21). These post-translational 
modifications are catalyzed by two main protein kinases: the Cdk- 
5/p35 system and GSK-3|3 (6). In this paper, we focus on how tau 
oligomers became the focus for the search for new drugs, and also 
potential targets for accurate diagnosis of AD. 

ARE TAU OLIGOMERS RESPONSIBLE FOR NEURONAL 
DEGENERATION? TECHNICAL APPROACHES 

Insoluble aggregates of the MAP tau characterize a number of 
tauopathies. Although there is much evidence linking tau to neu- 
rodegeneration, the precise mechanism of tau-mediated neuro- 
toxicity remains to be elucidated. In fact, tau oligomers appear to 
be the toxic form of tau in neurodegenerative disease. In agree- 
ment with this hypothesis, the presence of immunoreactive tau 
protein in neurons of AD brain tissue, previous to tangle forma- 
tion, has been shown. Binder and coworkers have produced the 
novel monoclonal antibody TOC1 that recognizes non-fibrillary 
tau. This antibody is selective in terms of specifically labeling tau 
dimers and oligomers, but does not label tau filaments. Time- 
course analysis and antibody labeling indicates that oligomers 
appear as an early event in AD pathogenesis. Aggregated tau, 
but not monomeric tau, inhibited anterograde fast axonal trans- 
port. This inhibition requires a small stretch containing amino 
acids from the N-terminal region on tau, a phosphatase-activation 
domain. The molecular chaperone heat-shock protein 70 (Hsp 
70) clearly affects tau oligomers formation and stability, as inves- 
tigated in the squid axoplasm. Hsp 70 preferentially bound to 
tau oligomers over filaments and prevented anterograde axonal 
transport inhibition observed with a mixture of both forms of 
aggregated tau (22). 

Tau aggregates comprise abnormally hyperphosphorylated and 
misfolded tau. Research has traditionally focused on understand- 
ing how hyperphosphorylated and aggregated tau mediates dys- 
function and toxicity in tauopathies. Recent findings in Drosophila 
and rodent models of tauopathy suggest that large insoluble 
aggregates such as tau filaments and tangles may not be the key 
toxic species in these diseases (23). Thus, some investigators have 
shifted their focus to study pre-filament tau species such as tau 
oligomers and hyperphosphorylated tau monomers. Interestingly, 
tau oligomers can exist in a variety of states including hyper- 
phosphorylated and unphosphorylated forms, which can be both 



soluble and insoluble. It remains to be determined which of these 
oligomeric states of tau are causally involved in neurodegener- 
ation and which molecule signal the beginning of the forma- 
tion of inert/protective filaments. It will be important to better 
understand this aspect so that tau-based therapeutic interventions 
can target the really toxic tau species. 

Another interesting study showed that oligomers of recombi- 
nant full-length human tau protein are neurotoxic in vivo after 
subcortical stereotaxic injection into mice. Data showed that tau 
oligomers impaired memory consolidation, whereas tau fibrils 
and monomers did not. In this context it was assumed that tau 
oligomers can affects synaptic transmission. Thus, synaptic dys- 
function seems to result from the action of tau oligomers, poten- 
tially reducing the activity of the synaptic vesicle-associated pro- 
teins synaptophysin (24). Some studies identify tau oligomers as 
an acutely toxic tau species in vivo, and suggest that tau oligomers 
induce neurodegeneration by affecting mitochondrial and synap- 
tic function, both of which are early hallmarks in AD and other 
tauopathies (25). These results open new avenues for neuropro- 
tective intervention strategies for tauopathies by targeting tau 
oligomers. 

OLIGOMERS AND THEIR USEFULNESS FOR MONITORING AD 

As mentioned above, tau oligomers are one of the neuropatho- 
logical hallmarks of AD and other tauopathies. Regarding NFT 
accumulation in AD, there is evidence showing that progressive 
neuronal loss and cognitive impairment correlates with the accu- 
mulation of soluble species of tau in NFTs in AD mouse models 
(26). This etiopathological feature has become the target for poten- 
tial treatments for AD, diagnosis and monitoring evolution of the 
disease. On this last point, some diagnostic biomarkers for AD 
based on tau have been developed: ( 1 ) biomarkers in cerebrospinal 
fluid (CSF) and (2) biomarkers in platelet tau (3). Since in the CSF 
significant exchange of substances with a varied neural environ- 
ment appears to occur, tau variants are released to the fluid. In this 
context, one of the most reliable biomarkers reported was based 
on the ratio between normal tau and hyperphosphorylated tau (P- 
tau) in the CSF (27). This evaluation about tau and P-tau allows 
a better correlation with the later stages of synaptic dysfunction 
and early neurodegeneration (27, 28). Furthermore, the second 
biomarker is based on the detection of tau in blood platelets (15, 
29). Alterations in platelets from AD patients, including modifi- 
cations in platelets (3-amyloid Precursor Protein (APP) have been 
described previously (30) and APP evaluations have been pos- 
tulated as a potential biomarker for AD (31). Considering that 
information we focused our efforts in analyses of platelets tau pro- 
tein. The innovative method was developed in our laboratory and 
is based upon the difference between the ratio of molecular species 
of high molecular weight tau (multimeric) versus low molecu- 
lar weight (monomeric). In western blot experiments performed 
with platelet protein extracts obtained from peripheral blood from 
healthy subjects and patients with AD, it was observed that the lat- 
ter had tau immunoreactive bands migrating at molecular weights 
much higher than expected by electrophoresis under denaturing 
and reducing conditions (SDS-PAGE) (15). These high molecular 
weight forms of tau (tau HMW) could be attributed to oligomeric 



Frontiers in Neurology | Neurodegeneration October 2013 | Volume 4 | Article 167 | 2 



Guzman-Martinez et al. 



Tau oligomers for diagnosis and therapeutics 




FIGURE 1 | Representative immunoblots of platelet tau with tau-5 
antibody. High molecular weight tau bands (about 80 kDa) can be 
appreciated, with greater immunoreactivity in patients with Alzheimer's 
disease (AD) compared with control subjects (C). Subsequent 
densitometric analysis allows obtaining the relationship between HMWtau 
versus LMWtau. 



forms of the protein, which are increased in AD patients as com- 
pared to healthy elderly subjects (Figure 1). Therefore, platelets 
tau has been postulated as a biomarker for AD (29). Different tau 
species with variable stages of aggregation are visualized in the 
electrophoretic patterns. Subsequent studies by Farias et al. (15), 
have shown that there is a close correlation between the degree of 
platelet tau modification and level of cognitive impairment, which 
was measured using neuropsychological tests in patients with AD 
[for more detailed information about these biomarkers see Ref. 
(3) ] . Moreover, correlations between HMWtau/LMWtau ratio and 
brain neuroimaging have been observed. This ratio, controlled for 
age and education, significantly correlated with a clusters of 717 
voxels in the right parahippocampal cortex with peak at Talairach 
coordinates 16, —10, —23 (unpublished observations). 

TAU AS A THERAPEUTIC TARGET FOR ANTI-ALZHEIMER 
DRUGS 

Since tau has been recognized as an important actor in neu- 
rodegenerative diseases, many molecules that act on tau pathol- 
ogy have been investigated as potential vectors for therapeutic 
approaches for AD, but also for other tauopathies such as PSP or 
CBD. One of the molecules that have attracted much attention 
is the phenothiazine methylthioninium chloride, better known 
as methylene blue (MB). MB has a very interesting property 
as an aggregation inhibitor for proteins that adopt beta sheet 
conformation (32). 

Rember™ is the trade name of MB, and a Phase II study ran- 
domizing 321 mild to moderate AD patients with placebo or three 
different doses of Rember™ was presented in 2008 at the Inter- 
national Conference on AD in Chicago. Treatment effects of four 
points were described on ADAS-Cog on the treatment group as 
compared to placebo subjects, and also conservation on the cere- 
bral blood flow and brain glucose used in SPECT and FDG-PET 
scans (33). However, as today, the lack of peer reviewed publi- 
cations on this compound affect the reliability of the results. In 
animal models, the effects of MB on cognition appears not to be 
related to a reduction on NFTs but to a decrease in soluble tau 
levels (34) (Figure 2). 

Other groups have focused their efforts on investigating tau 
kinases inhibitors (16) or tau phosphatase activators (17), as an 
indirect manner to halt tau hyperphosphorylation, recognized as 
leading to pathological aggregation of the protein. However, diffi- 
culties in finding specific inhibitors/activators with adequate safety 
profiles have impacted in the lack of new drugs in this area (32, 
35). A possible way to decrease adverse effects of tau kinase inhi- 
bition might be the use of relatively broad specificity, low power 
compounds (36). 

Davunetide is an eight aminoacids peptide that can be adminis- 
tered intranasally or intravenously and has been described as a tau 
hyperphosphorylation inhibitor as well as an inhibitor of caspase 
3 activation (37). Davunetide has been successfully evaluated in 
a series of in vitro and in vivo models (38) for neurodegenerative 
diseases that include AD, PSP, and schizophrenia (38, 39). 

An example of "non-traditional" approaches to tau aggregation 
regulation includes chaperones modulation. Hsp 70 chaperones 
assist protein-folding processes and are found up-regulated in sev- 
eral tumors, but also in neurodegenerative diseases such as Pick's 



disease, AD, and other tauopathies. Deregulation in Hsp 70 chaper- 
ones appears to be implicated in the processes of tau aggregation, 
so compounds that bind Hsp 70 chaperones are under investi- 
gation as possible treatment compounds for neurodegenerative 
diseases, since there is evidence that Hsp 70 inhibition leads to 
tau ubiquitination and clearance through ubiquitin-proteasome 
system (40). 

There are some natural compounds that are able to inhibit 
tau aggregation and possibly, make an impact in neurodegener- 
ative diseases. Shilajit is a natural phytocomplex that has been 
found in the Himalayan Mountains between India and Nepal and 
also in the Tibet and Afghanistan and has been used in ayurvedic 
medicine for centuries as a rejuvenating compound. Our labora- 
tory has worked with the Andean Compound (or Andean shilajit), 
a natural compound that can be found in Andean Mountains. 
Andean shilajit is generated by a long-term degradation of cer- 
tain plants by microorganisms, mostly fungi and is rich in Fulvic 
Acid (FA) and humic substances among others (Figure 2). This 
natural endemic phytocomplex, resulting from fossilized plants 
degradation through the years, was discovered in 2008 in the 
North of Chile and was named Andean Compound (41). In vitro 
assays and cell culture data show that Andean Compound and 
FA strongly interferes with tau aggregation, and interestingly an 
increase in neurites outgrowth has been observed in neural cell 
cultures exposed to this natural compound (42). In addition, a 
placebo-controlled pilot clinical study suggests that consumption 
of a nutraceutical formulation of Andean Compound plus B com- 
plex vitamins may produce stabilization of cognitive function in 
AD patients at a 24-weeks as determined with Global deterioration 
scale (GDS) and Neuropsychiatric inventory (NPI) measurements 
(42) (Figure 2). On the other hand the same shilajit - based 
compound has a very good safety profile when tested on healthy 
population (unpublished data). 
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FIGURE 2 I Schematic representation on the changes in tau 
leading to pathological conditions, formation of neurofibrillary 
tangles, and some molecules that exert their actions on 



polymeric forms of pathological tau and that appear to prevent 
polymers formation and possible disassembly of these 
filaments 



CONCLUDING REMARKS 

Currently, we do not know the exact cause of synaptic dys- 
function and neurodegeneration in AD, however, in recent years 
it has become increasingly clear the importance of tau protein 
and its post-translational modifications in the pathophysiological 
processes of AD and other tauopathies. 

In this context, determination of different forms of tau protein 
in brain, CSF (43) and also in blood (44) and peripheral cells (15) 
has been postulated as a powerful tool for detection and moni- 
toring of the disease in different stages and there is clear evidence 
of a profile of tau and other biomarkers modifications during AD 
progression (45, 46). The presence of tau modifications in periph- 
eral cells also points to the inference that AD may be a systemic 



disease not only confined to nervous tissue. But currently we do 
not have any information on the functional impact - if any - of 
oligomeric tau forms in peripheral cells. The latest criteria of AD 
consider tau-based biomarkers as reliable indicators of neuronal 
injury processes (47), but as of today there is not a widely available 
marker of tau modification for clinical use. Hopefully in the near 
future we will refine techniques for non-invasive assessment of 
tau. Thereon, are extremely interesting attempts to generate PET 
markers for tau deposition in brain (48, 49) and we already have 
promising data regarding measurement of different forms of tau 
in blood cells (15,29). 

On the other hand, in the absence of positive clinical results 
in studies with beta amyloid targeted therapies, the need to 
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evaluate therapies that can act on post-translational changes of 
tau protein has become evident. Particular interest has been 
paid to therapies that may modulate levels of phosphorylation 
and oligomerization of tau, whether by direct action on tau or 
by acting on other related proteins like kinases or heat-shock 
proteins. 

Unfortunately we still need information from large multicen- 
ter studies about the usefulness of tau-focused therapies, however, 



this is a promising field that has attracted the efforts of multiple 
investigators, so we expect that new and exciting discoveries are 
right around the corner. 

ACKNOWLEDGMENTS 

This research has been financed by grants from Fondecyt 
(1110373) and by the CORFO project 12IDL4-13071 to Ricardo 
Benjamin Maccioni. 



REFERENCES 

1. Binder LI, Frankfurter A, Rebhun 
LI. The distribution of tau in the 
mammalian central nervous system. 
J Cell Biol (1985) 101:1371-8. doi: 
10.1083/jcb.l01.4.1371 

2. Maccioni RB, Munoz IP, Bar- 
beito L. The molecular bases of 
Alzheimer's disease and other neu- 
rodegenerative disorders. Arch Med 
Res (2001) 32:367-81. doi:10.1016/ 
S0188-4409(01)00316-2 

3. Guzman-Martinez L, Farias GA, 
Maccioni RB. Emerging noninva- 
sive biomarkers for early detection 
of Alzheimer's disease. Arch Med 
Res (2012) 43:663-6. doi:10.1016/j. 
arcmed.2012. 10.013 

4. Maccioni RB, Cambiazo V. Role of 
microtubule-associated proteins in 
the control of microtubule assem- 
bly. Physiol Rev (1995) 75:835-64. 

5. Goedert M, Spillantini MG, Potier 
MC, Ulrich J, Crowther RA. Cloning 
and sequencing of the cDNA encod- 
ing an isoform of microtubule- 
associated protein tau containing 
four tandem repeats: differential 
expression of tau protein mRNAs 
in human brain. EMBO } (1989) 
8:393-9. 

6. Farias G, Cornejo A, Jimenez J, 
Guzman L, Maccioni RB. Mech- 
anisms of tau self-aggregation 
and neurotoxicity. Curr Alzheimer 
Res (2011) 8:608-14. doi:10.2174/ 
156720511796717258 

7. Biernat J, Gustke N, Drewes G, 
Mandelkow EM, Mandelkow 
E. Phosphorylation of Ser262 
strongly reduces binding of tau to 
microtubules: distinction between 
PHF-like immunoreactivity and 
microtubule binding. Neuron 
(1993) 11:153-63. doi:10.1016/ 
0896-6273(93)90279-Z 

8. Jeganathan S, von Bergen M, Man- 
delkow EM, Mandelkow E. The 
natively unfolded character of tau 
and its aggregation to Alzheimer- 
like paired helical filaments. Bio- 
chemistry (2008) 47:10526-39. doi: 
10.1021/bi800783d 

9. Cross D, Vial C, Maccioni RB. A 
tau-like protein interacts with stress 
fibers and microtubules in human 
and rodent cultured cell lines. / Cell 
Sci (1993) 105(Ptl):51-60. 



10. Chin SS, Goldman JE. Glial inclu- 
sions in CNS degenerative dis- 
eases. / Neuropathol Exp Neu- 
rol (1996) 55:499-508. doi:10.1097/ 
00005072- 199605000-00001 

1 1. Gu Y, Oyama F, Ihara Y. Tau is widely 
expressed in rat tissues. / Neurochem 
(1996) 67:1235-44. doi:10.1046/j. 
1471-4159.1996.67031235.X 

12. Murphy DB, Wallis KT. Erythro- 
cyte microtubule assembly in vitro. 
Determination of the effects of ery- 
throcyte tau, tubulin isoforms, and 
tubulin oligomers on erythrocyte 
tubulin assembly, and comparison 
with brain microtubule assembly. / 
Biol Chem (1985)260:12293-301. 

13. Vanier MT, Neuville P, Michalik L, 
Launay IF. Expression of specific tau 
exons in normal and tumoral pan- 
creatic acinar cells. / Cell Sci (1998) 
111:1419-32. 

14. Neumann KF, Rojo L, Navarrete LP, 
Farias G, Reyes P, Maccioni RB. 
Insulin resistance and Alzheimer's 
disease: molecular links & clini- 
cal implications. Curr Alzheimer Res 
(2008) 5(5):438^7. doi:10.2174/ 
156720508785908919 

15. Farias G, Perez P, Slachevsky A, 
Maccioni RB. Platelet tau pattern 
correlates with cognitive status in 
Alzheimer's disease. JAlzheimers Dis 
(2012) 31:65-9. doi:10.3233/JAD- 
2012-120304 

16. Medina M, Avila J. Glycogen 
synthase kinase-3 (GSK-3) 
inhibitors for the treatment 
of Alzheimer's disease. Curr 
Pharm Des (2010) 16(25):2790-8. 
doi:10.2174/138161210793176581 

17. Rudrabhatla P, Pant HC. Role 
of protein phosphatase 2A in 
Alzheimer's disease. Curr Alzheimer 
Res (2011) 8(6):623-32. doi'10. 
2174/156720511796717168 

18. Mi K, Johnson GV. The role of 
tau phosphorylation in the patho- 
genesis of Alzheimer's disease. Curr 
Alzheimer Res (2006) 3:449-63. doi: 
10.2 1 74/ 1 56720506779025279 

19. Guillozet-Bongaarts AL, Cahill ME, 
Cryns VL, Reynolds MR, Berry 
RW, Binder LI. Pseudophospho- 
rylation of tau at serine 422 
inhibits caspase cleavage: in vitro 
evidence and implications for tangle 
formation in vivo. / Neurochem 



(2006) 97:1005-14. doi: 10.1 1 1 1/j. 
1471-4159.2006.03784.X 

20. Goedert M, Hasegawa M. The 
tauopathies: toward an experimen- 
tal animal model. Am J Pathol 
(1999) 154:1-6. doi:10.1016/S0002- 
9440(10)65242-X 

21. Alvarez A, Toro R, Caceres A, 
Maccioni RB. Inhibition of tau 
phosphorylating protein kinase 
cdk5 prevents beta-amyloid- 
induced neuronal death. FEBS Lett 
(1999) 459:421-6. doi:10.1016/ 
S0014-5793(99)01279-X 

22. Ward SM, Himmelstein DS, Lan- 
cia JK, Binder LI. Tau oligomers 
and tau toxicity in neurodegen- 
erative disease. Biochem Soc Trans 
(2012) 40(4):667-71. doi:10.1042/ 
BST20120134 

23. Cowan CM, Quraishe S, Mudher 
A. What is the pathological signifi- 
cance of tau oligomers? Biochem Soc 
Trans (2012) 40:693-7. doi:10.1042/ 
BST20120135 

24. Lasagna-Reeves CA, Castillo- 
Carranza DL, Sengupta U, Clos 
AL, Jackson GR, Kayed R. Tau 
oligomers impair memory and 
induce synaptic and mitochondrial 
dysfunction in wild-type mice. Mol 
Neurodegener (2011) 6(39):1-14. 
doi:10.1186/1750- 1326-6-39 

25. Lasagna-Reeves CA, Castillo- 
Carranza DL, Jackson GR, Kayed R. 
Tau oligomers as potential targets 
for immunotherapy for Alzheimer's 
disease and tauopathies. Curr 
Alzheimer Res (2011) 8: 
659-65. doi:10.2174/ 
156720511796717177 

26. Yoshiyama Y, Kojima A, Itoh 
K, Uchiyama T, Arai K. Anti- 
cholinergics boost the pathologi- 
cal process of neurodegeneration 
with increased inflammation in a 
tauopathy mouse model. Neurobiol 
Dis (2012) 45:329-36. doi:10.1016/ 
j.nbd.2011.08.017 

27. Lavados M, Farias G, Rothhammer 
F, Guillon M, Mujica MC, Maccioni 
C, et al. ApoE alleles and tau mark- 
ers in patients with different levels 
of cognitive impairment. Arch Med 
Res (2005) 36:474-9. doi:10.1016/j. 
arcmed.2005.03.036 

28. Cummings JL, Doody R, Clark 
C. Disease-modifying therapies 



for Alzheimer disease: challenges 
to early intervention. Neurology 
(2007) 69:1622-34. doi:10.1212/01. 
wnl.0000295996.542 1 0.69 

29. Neumann K, Farias G, Slachevsky 
A, Perez P, Maccioni RB. Human 
platelets tau: a potential periph- 
eral marker for Alzheimer's disease. 
J Alzheimers Dis (2011) 25:103-9. 
doi:10.3233/JAD-201 1-101641 

30. Di Luca M, Colciaghi F, Pastorino 
L, Borroni B, Padovani A, Cattabeni 
F. Platelets as a peripheral district 
where to study pathogenetic mecha- 
nisms of Alzheimer disease: the case 
of amyloid precursor protein. Eur 
J Pharmacol (2000) 405:277-83. 
doi:10.1016/S0014-2999(00) 
00559-8 

31. Borroni B, Di Luca M, Padovani 
A. Predicting Alzheimer dementia 
in mild cognitive impairment 
patients. Are biomarkers useful? 
Eur J Pharmacol (2006) 545: 
73-80. doi:10.1016/j.ejphar.2006. 
06.023 

32. Citron M. Alzheimer's disease: 
strategies for disease modifica- 
tion. Nat Rev Drug Discov (2010) 
9:387-98. doi:10.1038/nrd2896 

33. Mullane K, Williams M.Alzheimer's 
therapeutics: continued clinical fail- 
ures question the validity of 
the amyloid hypothesis-but what 
lies beyond? Biochem Pharmacol 
(2013) 85:289-305. doi:10.1016/j. 
bcp.2012. 11.014 

34. O'Leary IC III, Li Q, Marinec P, 
Blair LJ, Congdon EE, Johnson AG, 
et al. Phenothiazine- mediated res- 
cue of cognition in tau transgenic 
mice requires neuroprotection and 
reduced soluble tau burden. Mol 
Neurodegener (2010) 5:45. doi:10. 
1186/1750-1326-5-45 

35. Navarrete LP, Perez P, Morales 
I, Maccioni RB. Novel drugs 
affecting tau behavior in the 
treatment of Alzheimer's disease 
and tauopathies. Curr Alzheimer 
Res (2011) 8:678-85. doi:10.2174/ 
156720511796717122 

36. Hanger DP, Anderton BH, Noble 
W. Tau phosphorylation: the ther- 
apeutic challenge for neurode- 
generative disease. Trends Mol 
Med (2009) 15:112-9. doi:10.1016/ 
j.molmed.2009.01.003 



www.frontiersin.org 



October 2013 | Volume 4 | Article 167 | 5 



Guzman-Martinez et al. 



Tau oligomers for diagnosis and therapeutics 



37. Idan-Feldman A, Ostritsky R, Gozes 
I. Tau and caspase 3 as targets for 
neuroprotection. Int ] Alzheimers 
Dis (2012) 2012:493670. doi:10. 
1155/2012/493670 

38. Gozes I. Microtubules (tau) as 
an emerging therapeutic target: 
NAP (davunetide). Curr Pharm 
Des (2011) 17:3413-7. doi:10.2174/ 
138161211798072553 

39. Javitt DC, Buchanan RW, Keefe 
RS, Kern R, McMahon RP, Green 
MF, et al. Effect of the neuro- 
protective peptide davunetide (AL- 
108) on cognition and functional 
capacity in schizophrenia. Schizophr 
Res (2012) 136:25-31. doi:10.1016/ 
j.schres.201 1.1 1.001 

40. Rousaki A, Miyata Y, Jinwal UK, 
Dickey CA, Gestwicki JE, Zuiderweg 
ER. Allosteric drugs: the interaction 
of antitumor compound MKT-077 
with human Hsp70 chaperones. / 
MolBiol (2011) 411:614-32. doi:10. 
1016/j.jmb.201 1.06.003 

41. Carrasco-Gallardo C, Guzman L, 
Maccioni RB. Shilajit: a natural phy- 
tocomplex with potential procog- 
nitive activity. Int J Alzheimers Dis 
(2012) 2012:674142. doi:10.1155/ 
2012/674142 

42. Carrasco-Gallardo C, Farias GA, 
Fuentes P, Crespo F, Maccioni 
RB. Can nutraceuticals prevent 



Alzheimer's disease? Poten- 
tial therapeutic role of a for- 
mulation containing shilajit 
and complex B vitamins. Arch 
Med Res (2012) 43:699-704. 
doi:10.1016/j.arcmed.2012.10.010 

43. Maccioni RB, Lavados M, Guillon 
M, Mujica C, Bosch R, Farias G, et 
al. Anomalously phosphorylated 
tau and Abeta fragments in the 
CSF correlates with cognitive 
impairment in MCI subjects. Neu- 
robiol Aging (2006) 27(2):237-44. 
doi:10.1016/j.neurobiolaging.2005. 
01.011 

44. Sparks DL, Kryscio RJ, Sabbagh 
MN, Ziolkowski C, Lin Y, Sparks 
LM, et al. Tau is reduced in AD 
plasma and validation of employed 
ELISA methods. Am J Neurodegener 
Dis (2012) 1(1):99-106. 

45. Sperling RA, Aisen PS, Beckett 
LA, Bennett DA, Craft S, Fagan 
AM, et al. Toward defining the 
preclinical stages of Alzheimers 
disease: recommendations from 
the National Institute on Aging- 
Alzheimer's Association work- 
groups on diagnostic guidelines 
for Alzheimer's disease. Alzheimers 
Dement (2011) 7(3):280-92. 
doi:10.1016/j.jalz.201 1.03.003 

46. Bateman RJ, Xiong C, Benzinger 
TL, Fagan AM, Goate A, Fox 



NC, et al. Clinical and biomarker 
changes in dominantly inherited 
Alzheimer's disease. N Engl J 
Med (2012) 367(9):795-804. doi:10. 
1056/NEJMoal202753 

47. McKhann GM, Knopman DS, 
Chertkow H, Hyman BT, Jack 
CR Jr, Kawas CH, et al. The 
diagnosis of dementia due to 
Alzheimer's disease: recommenda- 
tions from the National Insti- 
tute on Aging-Alzheimer's Asso- 
ciation workgroups on diagnos- 
tic guidelines for Alzheimer's dis- 
ease. Alzheimers Dement (2011) 
7(3):263-9. doi:10.1016/j.jalz.2011. 
03.005 

48. Okamura N, Suemoto T, Furumoto 
S, Suzuki M, Shimadzu H, Akatsu 
H, et al. Quinoline and benz- 
imidazole derivatives: candidate 
probes for in vivo imaging of tau 
pathology in Alzheimer's disease. / 
Neurosci (2005) 25(47):10857-62. 
doi:10. 1523/JNEUROSCI. 1738- 05. 
2005 

49. Okamura N, Furumoto S, Harada 
R, Tago T, Yoshikawa T, Fodero- 
Tavoletti M, et al. Novel 18F-labeled 
arylquinoline derivatives for non- 
invasive imaging of tau pathology 
in Alzheimer disease. / Nucl Med 
(2013) 54(8):1420-7. doi:10.2967/ 
jnumed.112.117341 



Conflict of Interest Statement: The 

authors declare that the research was 
conducted in the absence of any com- 
mercial or financial relationships that 
could be construed as a potential con- 
flict of interest. 



Received: 12 July 2013; paper pending 
published: 15 August 2013; accepted: 15 
October 2013; published online: 28 Octo- 
ber 2013. 

Citation: Guzman-Martinez L, Farias 
GA and Maccioni RB (2013) Tau 
oligomers as potential targets for 
Alzheimer's diagnosis and novel 
drugs. Front. Neurol. 4:167. doi: 
10.3389/fneur.2013.00167 
This article was submitted to Neurode- 
generation, a section of the journal Fron- 
tiers in Neurology. 

Copyright © 2013 Guzman-Martinez, 
Farias and Maccioni. This is an open- 
access article distributed under the terms 
of the Creative Commons Attribution 
License (CCBY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author( s)or licensor 
are credited and that the original publica- 
tion in this journal is cited, in accordance 
with accepted academic practice. No use, 
distribution or reproduction is permit- 
ted which does not comply with these 
terms. 



Frontiers in Neurology | Neurodegeneration 



October 2013 Volume 4 | Article 167 | 6 



